Objective: Allograft rejection is still an important cause of morbidity and mortality after heart transplantation (HTx). Many techniques in cardiac magnetic resonance imaging (CMR) were investigated to diagnose acute cellular rejection (ACR). However, there is not enough information about late gadolinium enhancement (LGE) in the myocardium and ACR. Methods: We prospectively analyzed our consecutive 41 heart transplant recipients who were admitted for routine endomyocardial biopsies. CMR was performed maximum 6 h before the scheduled endomyocardial biopsy. Correlation between LGE in the myocardium and ACR was investigated. Results: Twenty-seven patients showed no rejection, and nine of them had LGE in the myocardium. Fourteen patients had LGE in the left ventricle (LV), and two patients had LGE also in the right ventricle (RV). There was no correlation between LGE and ACR (p=0.879). There was no difference in the left ventricular ejection fraction (LVEF), right ventricular fractional area change (RVFAC), and cardiac ischemic time between the groups (p=0.825, p=0.370, and p=0.419, respectively). LGE in the myocardium could be due to previous rejection episodes; therefore, all patients were retrospectively searched for previous rejection grades and number of episodes. Thirty-eight of the 41 patients had a history of one ACR episode, but none of them had a statistically significant correlation with LGE (for grade 1R, p=0.964 and grade 3R, p=1) There was also no correlation between number of rejection episodes history and LGE.
Introduction
Heart transplantation (HTx) is the gold standard therapy for end-stage heart failure. According to the International Society of Heart and Lung Transplantation (ISHLT) registries, the median survival after HTx has increased up to 10 years, but graft failure still remains to be the most important cause of death (1) . Despite the advancement of immunosuppressive therapy, 40%-70% of heart transplants have acute rejection episodes in first 6 months (2) . Acute cellular rejection (ACR) occurs because of mismatched histocompatibility between the donor organ and recipient. The hallmark of acute rejection is lymphocytic and monocytic infiltration, followed by endothelial cellular injury to myocardial necrosis (3, 4) . Recurrent episodes of acute rejection and severity are strongly associated with the development of chronic rejection within time (5, 6 ). An important problem is the need to balance allograft rejection and immune deficiency with appropriate immunosuppressive therapy.
Endomyocardial biopsy (EMB) is still considered as a gold standard for the diagnosis of ACR, although it has some limitations: (a) it is an invasive procedure with the risk of cardiac tamponade or death, (b) substantial exposure to radiation, (c) sampling error, (d) interobserver variability, and (e) repeated EMB may result in cardiac scarring or venous thrombosis (7) .
ISHLT has published revised ACR grading guidelines and simplified the evaluation of EMB, as well as improving its efficacy. The new ISHLT grading system suggests four grades of ACR: 0R (no rejection), 1R (mild rejection), 2R (moderate rejection), and 3R (severe rejection) (4) . While aggressive therapy with intravenous corticosteroids or other immunomodulatory agents are generally recommended for moderate rejection and above, mild rejection is usually managed conservatively, as majority of such episodes resolve on follow-up EMB without the need of increased immunosuppression (8) .
New reliable, less invasive tool is needed to replace EMB for diagnosing ACR.
Various imaging modalities, such as echocardiography, positron emission tomography, computed tomography, and cardiac magnetic resonance imaging (CMR) offer great potential for noninvasive detection of ACR (9) .
CMR is a promising diagnostic tool to diagnose ACR because it allows excellent tissue contrast with superior image quality. Late gadolinium enhancement (LGE) is obtained with the use of gadolinium (Gd) contrast agents and it further enables high-resolution tissue characterization, as different patterns of myocardial involvement can be differentiated (10, 11) .
LGE is commonly used in imaging scar tissue and fibrosis in ischemic heart disease, myocarditis, and hypertrophic cardiomyopathy (12) . It is known that, even when there is no sign of coronary disease, LGE can be seen in transplanted hearts. Causes and prognostic values of this pattern are still unclear (13) .
In the present study, the correlation between LGE imaging of the myocardium and ACR was investigated in heart transplant patients.
Methods
According to our institutional protocol, every heart transplant patient has EMBs periodically. Consecutively, 52 patients attended for usual EMB controls at the HTx clinic between September 2011 and April 2012. Inclusion criteria for the study were to have had HTx more than 6 months ago, age ≥18 years, and to have no contraindication for CMR. We excluded patients with severe claustrophobia, age <18 years, HTx <6 months ago, contraindication to CMR, and contraindication to Gd contrast. Nine patients were excluded (two patients refused to join the study, one patient had a pacemaker, and six patients had HTx less than 6 months ago). Two patients were excluded after study enrollment because CMR images were inadequate for LGE detection due to artifacts. One patient had EMB 1 week late because of a suspicious thrombus in the left atrium. In our institution, every transplant recipient has routine coronary angiogram and stress echocardiography for ischemia and allograft vasculopathy screening. There was no sign of cardiac ischemia in our study population.
Echocardiography, CMR, and EMB were performed within a 6-h period. Biopsies were taken after CMR to avoid the traumatic effect of biopsy on the right ventricle (RV) (Fig. 1) .
Informed consent was obtained from all patients. The study protocol was approved by the Ege University Review Committee.
Endomyocardial biopsies
All biopsies were performed according to the guidelines, jugular approach being used mostly. A minimum of three samples were taken per session. ACRs were histopathologically Figure 1 . Study design, causes, and numbers of the excluded patients CMR -cardiac magnetic resonance imaging; EMB -endomyocardial biopsy; HTx -heart transplantation; LGE -late gadolinium enhancement Consecutive HTx recipients for routine EMB From September 2011 to April 2012 n=52
• Two patients refused to join the study • One patient had a pacemaker, • Six patients had HTx less than 6 months ago Two patients CMR images were inadequate for LGE detection due to artifacts.
Echocardiography CMR n=43
EMB n=41
All procedures were performed within a 6-h period graded according to the latest guidelines of International Society of Heart and Lung Transplantation (ISHLT). Grade 0R, no rejection. Grade 1 R, mild rejection: Interstitial and/or perivascular infiltrate with up to one focus of myocyte damage.
Grade 2 R, moderate rejection: two or more foci of infiltrate with associated myocyte damage.
Grade 3 R, severe rejection: diffuse infiltrate with multifocal myocyte damage, with or without edema, hemorrhage, or vasculitis (4). An experienced cardiac pathologist analyzed all biopsies, blinded to CMR results and patients' clinical state.
Cardiac magnetic resonance imaging protocol
Vector-ECG triggered CMR was performed on a 1.5 Telsa whole-body magnetic resonance imaging (MRI) scanner (Siemens Medical Solutions, Erlangen, Germany) employing a cardiac phased-array receiver coil. Generation of imaging planes, assessment of left ventricular function and LGE sequences 10 min after contrast agent administration (0.2 mmoL/kg, Magnevist, Schering, Germany) were performed in a standardized way as previously described (14) . Images were then processed on a dedicated workstation using commercially available software (Argus Workstation, Siemens Medical Solutions, and Erlangen, Germany). Images were analyzed and classified into LGE involvement in the RV and left ventricle (LV). Same radiologist, blinded to patients' clinical state and EMB results, reviewed all CMR images.
Statistical analysis
Continuous data are expressed as mean±SD and discrete variables as absolute numbers and percentages. Continuous variables were assessed for normality using formal skewness and kurtosis testing. Continuous variables were compared using Mann-Whitney U or student's t-test. Dichotomous variables were assessed using chi-square tests or Fisher's exact test where appropriate. Two tailed p values <0.05 were considered statistically significant. All calculations were made using a computerized statistical package.
Results
Overall, 41 heart transplant recipients were enrolled in this study. Thirty three (80.5%) of them were male, mean age was 43.2±12.1 years, and graft age was 35.7±24.6 months (between 6 and 91 months). None of the recipients were in New York Heart Association (NYHA) functional class III or higher [39 (95%) were in NYHA class I and 2 (5%) were in class II]. The most common etiology of heart failure was dilated cardiomyopathy [24 (58.5%)] and 15 (36.6%) of the patients had left ventricular assist device (LVAD) implantation prior to transplantation. A standard biatrial orthotopic HTx procedure was performed in all patients. LGE in the myocardium was detected in 14 (33.3%) patients; all having LV involvement, except for two patients who had both RV and LV involvement (Table 1 ).
There were no statistically significant difference in the graft age (p=0.165), right and left ventricular functions, and donor ischemic time (p=0.419) between LGE positive and negative groups ( Table 2) .
Twenty-seven patients (65.8%) had no cellular rejection, and of these patients, 18 (44%) had no LGE detected in the myocardium.
Grade ≥1R rejection was detected in 14 (34.2%) patients, and only five of them had late enhancement in the myocardium, resulting in no statistically significant correlation (p=0.879).
History of any ACR episode or recurrent episodes may lead to late enhancement in the myocardium. Thirty-eight patients had a history of grade ≥1R ACR episode and the remaining three patients (two LGE negative and one LGE positive) had no history of ACR. There was no statistically significant difference between the history of ACR episode and LGE in the myocardium (history of no ACR vs. at least one Grade ≥1R rejection, p=1.000). Furthermore, severity of past ACR was compared; three patients had 3R ACR history and of these two had LGE and one did not, resulting in no significant relation between grade 3R rejection history and late enhancement in the myocardium (p=1.000) (Table 3) The mean Grade 1R ACR episode in the LGE negative Şimşek et 
LGE (-) LGE ( and positive group were 3.2±2.8 and 3.6±3, respectively (p=0.687). There were also no difference between other rejection grades episode numbers and LGE (Table 4) .
Discussion
As our study result demonstrated that ACR, history of ACR, and LGE in transplanted hearts had no correlation. CMR can precisely quantify cardiac size and function and depict tissue changes that are associated with the various forms of myocardial inflammation. Thereby, CMR can often detect myocardial inflammation before contractility is obviously impaired. CMR may be a good candidate to noninvasively diagnose and screen for heart transplant rejection unaware of its degree of severity. Various CMR techniques, including T2-weighted imaging and early-and late-Gd enhanced T1-weighted imaging, are used to assess aspects of inflammation. In the present study, correlation between LGE imaging of the myocardium and ACR was investigated in heart transplant patients.
Gd cannot enter the intact cell owing to its large molecular size. After injection, Gd quickly leaves the vascular compartment and enters the interstitial space, not accumulating in the intracellular or interstitial space results in normal myocardium being free from late contrast enhancement. Gd accumulation may reflect inflammatory and fibrotic tissue increase in the interstitial space, as well as different wash-out kinetics in those areas. LGE has become very popular for imaging myocardial infarction. Technically, it is well standardized and widely available (15) . Besides classical infarction scar, non-ischemic lesions, including acute myocarditis, could also be visualized. The signal intensity patterns do not differ between ischemic and non-ischemic lesions, but the distribution does. Non-ischemic lesions are located intramural in the middle layer or within the epicardial portion of the myocardial wall (16) . They are often multiple and not confined to a single coronary territory. Multiple small edematous foci may be found in myocarditis corresponding to multiple patches of fibrosis in late enhancement. These LGE lesions can be detected early at the time of active myocarditis and usually do not represent chronic squeal during the late phase of the disease.
LGE mostly disappears after healing of active myocarditis (17, 18) .
Causes of LGE in heart transplant recipients are still unclear. There are a few studies with small groups about the prognostic value of LGE, correlation with allograft vasculopathy and ACR. Krieghoff et al. (19) studied 73 heart transplant recipients and 69% of them had LGE on the myocardium. Steen et al. (18) found that almost half of the 53 HTx recipients had LGE on the myocardium. In our study group, the rate of LGE was lower than that in other studies. Thirty-four percent (14/41) of our study group had late enhancement on the myocardium. Owing to small study groups and multifactorial variables, exact prevalence of LGE is unknown. Braggion-Santos et al. (13) studied 89 HTx recipients, divided in two groups according to the graft age (earlier vs. later than 30 months) and found that earlier HTx group had statistically significant higher rates of LGE on the myocardium, older donor age (p=0.01), longer ischemia time (p=0.03), and more number of recipients had toxoplasma infection (p<0.001). They speculated that ischemia and reperfusion injury due to longer ischemia time caused more fibrosis in the myocardium and also toxoplasma infection in the immune suppressive HTx recipient could cause silent myocardial injuries (13) . Older donor hearts may have more fibrosis in the myocardium and for this reasons earlier group may have more LGE in the myocardium.
Butler et al. (20) compared 38 HTx recipients (19 LGE +/ 19 LGE-) and found no differences between mean donor ischemia times, but LGE positive group had higher graft ages. In the present study, there were no differences for donor ischemia time between groups (p=0.419). Mean ischemia time for all our study population was longer than that in Butler et al.'s (21) study (250 min vs. 240 min), graft age was higher in the LGE positive group (31.8 vs. 43. 2 mo.), but this differences was not statistically significant (p=0.165). There are conflicting results about ventricular functions and late enhancement. Some studies showed that the left ventricular ejection fraction (LVEF) and right ventricular ejection fraction (RVEF) were lower in the LGE positive groups (20) . In our study, no differences were detected between the groups. [LVEF, p=0.825; right ventricular fractional area change p=0.370]. This could be caused by the fact that our study consisted of a healthier cohort (our LGE rate was lower than that in some other study groups) and left and right ventricular functions were measured with echocardiography. Arraiza et al. (22) reported that echocardiography tends to underestimate ventricular volumes and over estimate ejection fractions in HTx patients (21) .
All HTx recipients in our institute routinely had coronary angiogram and stress echocardiography for ischemia and allograft vasculopathy screening and none of our patients had ischemia. Four of our recipients had infarct typical LGE, but it has been previ-
LGE (-) LGE ( LGE differences for grade 1b ACR. Our comparison groups were different, grade 1R and above (ACR positive) to normal EMB. There was no statistical significance between ACR positive and negative groups. Most of our ACR positive patients were grade 1R. ACR starts at small areas in the myocardium and perhaps these small areas would be too small to detect on LGE imaging (23) . Our study and other studies were not able to compare true, specific histological myocardial injuries to LGE imaging. In the future, MRI guided biopsies of the most affected myocardial areas would help us for true correlation. In our study and other LGE studies where LGE and ACR were not correlated, LGE was relatively lower in the ACR positive groups. LGE may have underestimated the true prevalence of fibrosis or necrosis in the myocardium. Altering the inversion time to make apparently normal myocardium appear black maximizes the contrast between the LGE positive and normal myocardium. When fibrosis is diffuse, relatively homogenous with no normal myocardial area, LGE imaging could fail to detect pathology. Both acute processes like necrosis and chronic processes like fibrosis cause increased volume distribution in the myocardium and results in LGE. As a result, LGE imaging has difficulties for differentiating acute and chronic injuries Therefore, we compared past history and different grades of ACR with LGE, but no statistical significant difference was found between groups.
One of the two biventricular LGE positive recipient had positive pathology for ACR. We did not perform statistical analyses between only LV positive and biventricular LGE positive patients because the numbers were insufficient. Although four recipients in the study group had older graft ages, more biopsy procedures showed late enhancement only in the LV myocardium, suggesting that recurrent biopsies may not cause LGE in RV.
Study limitations
Our study is about a special and infrequent patient population; therefore, it has a small sample size. This is the major limitation of our study and limiting the generality of our findings. True histological myocardial comparison of LGE could not be achieved and in future, MRI guided biopsy could help us. We focused on recipient characteristics, ACR, and history of ACR, but myocardial fibrosis may also occur due to other causes.
Conclusion
LGE patterns in the non ischemic transplanted myocardium are still unclear. We also showed that donor ischemic time or donor age is not associated with LGE. Prospective, large-scale studies are needed to find out the relationship between LGE and rejection and other clinical parameters.
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